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ABSTRACT

The research was focused on validation of unstrectumathematical, kinetic model data obtainedaitch shake-
flask studies of Pullulan produced by Aureobasidipmiiulans MTCC 2195. Logistic (L), Logistic Incamated
Leudeking-Piret (LILP) and Logistic Incorporated Mfied Leudeking-Piret (LIMLP) models were usedKoretic
parameters estimation. Very good fit of the dats whserved between the experimental data and neodétlta in
biomass growth, substrate consumption and prodwrotdtion kinetics. Estimated kinetic parameters k., %o,

Xm @, B, v, andn, were compared for initial Jaggery and Sucrose galstrate) concentrations of 50, 75 and 100
g/L. Furthermore, all these parameters were prasticiccurately with reasonablé Ralues.
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INTRODUCTION

Aureobasidium pullulansa polymorphic fungus, produces an extracellulad dinear polysaccharide called
pullulan, which consists of maltotriose subunitefitinked by (3»6)-a-D-glucosidic andx-(1—4)-glycosidic bonds
[1, 2]. Due to distinctive physical, chemical aridlbgical properties, pullulan offers excellent &pations in food,
pharma, cosmetic and packaging industries and @mviental clean-up agents [3, 4, 5]. Several rebegs varied
the strategies for successful production of putidfecludes: effects of carbon substrates and #wirces [6, 7, 8, 9,
10, 11]; operational parameters like shear st@gisation, aeration, DO levels, etc. [12, 13]; nuedioptimization
studies [14], etc.

Mathematical models of fermentation offer knowleddeinetic and metabolic nature of product and ascount
biomass as one variable to represent the overaditiks. Several rate models were successfully préyeestimate
the kinetic parameters for growth studies in vgritbiopolymers [15, 16, 17, 18, 19]. A very udefuastructured
kinetic model for pullulan fermentation was deveddgor A.pullulansgrowth, limited substrate consumption and
pullulan production [20, 21, 22, 23].

The logistic function model developed by Pearl &wekd, 1920 [24], can be applied Agoullulansgrowth and
logistic equation proposed by Mulchandani et @88 [25] was used to calculate the kinetics of batdtivation of
microbial polysaccharide production. These mod&[daén the microbial growth as a function of maximuell
concentration X, maximum specific growth rate and time. Mohamnedal., 1995 [6] developed the use of
Leudeking-Piret model for pullulan production andnadified Leudeking-Piret model for sucrose constiomp
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Pullulan production was initiated in the late expotial phase, which was more even higher when egifsoach
stationary phase [3, 26]. In the present investgatexperimental data obtained in shake-flaskistudf pullulan
fermentation using Jaggery as a new substratedeitbloped kinetic models were validated.

EXPERIMENTAL SECTION

Microorganism and culture media:

In this study,Aureobasidium pullulan$/TCC 1991 obtained from Microbial Type Culture {@ction and Gene
Bank (MTCC), Institute of Microbial Technology (IMECH), Chandigarh was procured to produce pullutamf
Jaggery as carbon substrage.pullulanswas maintained on potato dextrose agar (PDA) apdig on standard
cultivation media with a composition of sucrose:®B@/L; yeast extract: 3.0 g/L; KRO;: 5.0 g/L; KCI: 0.5 g/L;
MgSQ, - 7THO: 0.2 g/L; NaCl, 1.0 g/L in 1 liter of distilled ater. Jaggery was purchased from local market and
sucrose was replaced by jaggery in standard ctitiivanedia and used further in shake flask fermemastudies.

Studies of shake flask fermentations were carrigdagth standard cultivation medium containing fis& and also
medium containing jaggery with varying concentrasiof 50, 75 and 100 g/L. All the preparations wede to
100 ml aliquots in 500 ml Erlenmeyer flasks andrilited. The sterilized media was incubated on abital
incubator shaker at 30 and 150 rpm for 172 hours, after inoculating vé# (v/v) inoculum. At regular intervals,
samples from shake flasks were drawn and analyaredry cell weight of biomass, pullulan and sugantent. All
the experiments were carried out in triplicates tedaverage values of data were used.

Biomass (cell dry weight), Pullulan and Sugar (residual) content estimation:

Estimation of dry cell weight oA.pullulanswas followed as per Vijayendra et al., 2001 [27d &he residual sugar
content in fermentation broth supernatant was nredsas per Miller's 1959 [28] method. Produced yat was
estimated by solvent precipitation, subsequemgfitin and drying [27, 29, 30].

Kinetic study model:

The kinetic models for cell growth, substrate congtion and pullulan (as product) synthesis in Zlbalystem was
developed by many researchers [6, 20, 21, 22, 23jler optimal growth conditions, growth kinetic nebaf A.
pullulans(X) (as per Malthus’s law), in a batch fermentati®given as:

Z_)t( = UmaxX (1 - XL) (1)

m

The Logistic (L)- type model equation derived fréime integration of above equation results:
XoeHlmaxt
X)) =—x

)

Xo
20 (1 —_elmaxt
1 X (1 e )

A plot of In (M) vst will yield maximum specific growth rate of biomags,.x as slope.
Xo(Xm—X(t)

The substrate utilization kinetics in microbial ysdccharide production can be taken from Modifiedideking-
Piret (MLP) equation:

—E—rszy(i—f)+nX 3)

dac

Logistic Incorporated Modified Leudeking-Piret (LLN®) equation derived from integration of above dipuma
results:

maxt
SO =S -v [—Xoeu Xo] +

1—(;((—:;)(1_ellmaxt) -

lj;‘m In [1 - (;‘—m) (1- eﬂmaxt)] (4)

Non-growth associated constamtjn above equation can be calculated from statiophase data (whe?;%t§ =0):

(@)
dt/stationary phase (5)

n:

Xmax

And, a plot of & — SO+ In|1-(32) (1 —etmat)| vs [

Xoebmaxt

1—())((—1(:1)(1_eﬂmaxf)

—X,| will yield growth-

associated constantas slope.
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Product formation kinetics follows Leudeking-Piegfuation, as:

ap

. a— + BX (6)
Logistic Incorporated Leudeking-Piret (LILP) equetiderived from integration of above equation rissul

_ oekmaxt Xo]"'ml [1- () (@ = etmesty] )

P(t) = Po +«a 1_(;(_1(:[)(1_e#maxt)

S, non-growth associated parameter can be deterrfioedstationary phase data (Whé;%;ez 0):
dapP
ﬁ — (dt)statmnaryphase (8)

Xmax

Aplot of (PePe) + 25215 [1 - (£2) (1 - etmast)] VS[ xoetimast

W - XO] yields growth-associated parameter,
m

o. as slope.

In this study, equations (2), (4) and (7) were usesimulate the experimental data obtained irstiake-flask batch
fermentations with initial sucrose and Jaggery eotrations of 50, 75 and 100 g/L. The software bEoft Excel
2010 was employed to estimate the values of mati&lleetic parameters.

RESULTSAND DISCUSSION

Data, used in this study were taken from averagihree shake-flask studies of pullulan fermentatislh models
were developed in a manner that they contain graethted parameters. Mathematical models were atedu
between modelled data and experimental data arquBR-s values were also computed for all the plots.

Aureobasidium pullulansgrowth:

The lag phase dk.pullulansin fermentation was very short as the cells wéneady adapted before they were used
for pullulan production.A.pullulansstarted to form pullulan instantly as the cellseead the logarithmic phase and
thereforeA.pullulansgrowth and pullulan production took place simu#tausly. In order to validate the developed
model, it is necessary to study the cell growtfuastion of time (i.e., Logistic growth). Sigmoidelirves are useful
in describing the growth of organisms. The effettiratial substrate concentration changes on grovetated
parameters was done using 50, 75 and 100 g/L géjggand sucrose in batch fermentation for abofthkg. Other
conditions of fermentation were kept at same values

From experiments, maximum cell concentration&,) (were considered for the initial jaggery and ssero
concentrations of 50, 75 and 100 g/L, respectiveyon (linear) fitting the experimental data ingquation (2),
Logistic (L) model equation parameters, maximumcgfmegrowth rate fina) and initial biomass concentrations
(Xo) for increased concentrations of jaggery were rdgiteed. The resulting Rvalues and calculated values were
summarized in Table 1. Figures 1 and 2 shows tmepeodison of experimental data and model predictimns
A.pullulansgrowth from increasing concentrations of jaggerst aucrose, respectively.

Table 1. Kinetic parametersof Logistic (L) model for Aureobasidium pullulansgrowth on Jaggery and Sucrose

Initial Jaggery Concentration (g/L) | Initial Sucrose Concentration (g/L)
Parameters 50 75 100 50 75 100
Umay, hr? 0.0706 0.0545 0.0679 0.048 0.0611 0.0586
R? 0.83 0.81 0.93 0.77 0.92 0.91
Xo, Q/L 2.28 0.667 0.636 4.29 0.547 1.0026
Xm, 9/L 45.24 48.36 73.02 40 56 60.2

Table 2. Kinetic parameter s of Logistic I ncor porated L eudeking- Piret (L1LP) model for Pullulan production on Jaggery and Sucrose

Initial Jaggery Concentration (g/L) | Initial Sucrose Concentration (g/L)

Parameters 50 75 100 50 75 100
@ g.PIgX 0.069 02513 | 0.1895 | 0.0849 | 0.227 0.1449
R? 0.81 0.83 0.98 0.84 0.91 0.94
B, 9Pl(gX.hr) | 0.001415 | 0.001158 | 0.00071 | 0.0014 | 0.000424 | 0.001329
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Fig.1: Growth curvesof A.pullulansfitted with the Logistic (L) model with increasing initial concentrations (50, 75 and 100 g/L) of

Jaggery assubstrate
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Fig.2: Growth curvesof A.pullulansfitted with the Logistic (L) model with increasing initial concentrations (50, 75 and 100 g/L ) of

Sucrose as substrate

Pullulan Production

Comparisons of pullulan production profile with listic Incorporated Leudeking-Piret (LILP) model ¢adjon 7)
were shown by plotting both the experimental datd the predicted values from the models in Figur@ng 4.
Figure 3 represents increasing concentrations dfulpa with increasing jaggery (as the initial stbge)
concentrations (50, 75 and 100 g/L). Similar curwese also observed in case of increasing sucrasenitial
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substrate) concentrations (50, 75 and 100 g/Lrign 4. The LILP model did properly fit the expegntal data and
the estimated kinetic parameters with resultéddRues were listed in Table 2.

20 1 ¢ 50 g/L Jaggery (Experimental) oy
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Fig.3: Profiles of produced Pullulan fitted with the Logistic Incor porated L eudeking-Piret (LILP) model with increasing initial
concentrations (50, 75 and 100 g/L ) of Jaggery as substrate
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Fig.4: Profiles of produced pullulan fitted with the L ogistic Incor porated L eudeking-Piret (L1LP) model with increasing initial

concentrations (50, 75 and 100 g/L ) of Sucrose as substrate

Substrate (Jaggery and Sucrose) Consumption:
To study the substrate consumption in exopolysaathgroduction, a Logistic Incorporated Modifiedudeking-
Piret (LIMLP) model was applied. Subjective compans of actual substrate utilization By pullulanstowards
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pullulan production with LIMLP model were shown plotting both experimental and predicted data froodel.
Figure 5 and 6 demonstrated the reasonable fikjpértmental data with predicted values of modebl&a gives
the comparison of estimated kinetic parametersIbfLlP models for initial Jaggery and sucrose coneitn of

50, 75 and 100 g/L.

Table 3. Kinetic parameters of Logistic I ncorporated Modified L eudeking- Piret (LIMLP) model for pullulan production on jaggery and

Sucrose
Parameters Initial jaggery concentration (g/L) | Initial sucrose concentration (g/L)
50 75 100 50 75 100
7, 9.599.X 0.8534 0.7817 1.0233 0.992 0.6138 1.2776
R? 0.96 0.61 0.82 0.965 0.66 0.88
7, 9.5/(g-X.hr) 0.00168 0.003805 0.0023 | 0.0019 | 0.0017576| 0.0027907
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Fig.5: Profiles of jaggery (as substrate) consumption fitted with the L ogistic | ncor porated Modified L eudeking-Piret (LIMLP) model

Table 4. Comparison of kinetic parametersof L, LILP and LILMP modelsin Pullulan fermentation using different substrates

with increasing initial concentrations (50, 75 and 100 g/L) of jiggery

K. K.C.Chen
Thirumavalavan etal., 201Cg) M??q@gg[‘gﬁh I'n this study
_— et al., 2008 [29] [22] N
Kinetic Cashew Fruit
Parameter Juice Sucrose Sucrose Jaggery Sucr ose
gL) (9L) (9L) (9L) (gL)
50 75.8 25 | 50 [ 100 [ 200 50 | 75 | 100 50 | 75 [ 100
Logistic (L) Model parameters
Mmax, 1 0.07 0.048 0.035] 0.042] 0.002 0.023 0.0706  0.0945 0679. [ 0.048 | 0.0611]  0.0586
Xo, gL 1.0 0.8 0.161 0.11 0144 0151 2.2 0.667 0.686  94p 0.547 1.0026
X, GIL 92 28.3 0501 0.792] 0923 0741 4544 48.36 73.p2 0.0 4] 56.0 60.2
L ogistic I ncor porated L eudeking-Piret (L1LP) Model parameters
a, g.PIlg.X [ 0.9 [ 0.79 [ 475] 7.69] 889] 714 0.06p 0.25]3  0.1d95084® | 0.2227 ] 0.1449
B, Pl@@X.hr) | 0.001 | 0.0047 | 00094 0.01] 0.0204 0.066 0.0014 0®&d1D.00071]| 0.0014] 0.0004p  0.00133
L ogistic I ncor porated M odified L eudeking-Piret (LIMLP) Model parameters
y,9.5/g.X [ 0.98 [ 2.61 [ 367] 316] 4.8] 56 0858 0.78]17  1.0233 92.9 0.6138 | 1.2776
7, .S(gXhr) | 0.001 | 0.007 | 0.008] 0.0168 0.0148 0.064 0.0017  0.003®.0023 | 0.0019] 0.0017¢  0.00279
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Fig.6: Profiles of sucrose (as substrate) consumption fitted with the L ogistic I ncor porated Modified Leudeking-Piret (L1 MLP) model
with increasing initial concentrations (50, 75 and 100 g/L) of sucrose

CONCLUSION

In this study, growth and non-growth related kiogtarameters, for an unstructured mathematical madea batch
shake-flask Pullulan fermentation usiAgireobasidium pullulansising Jaggery and Sucrose (as substrate), were
investigated and achieved. An increased concémisa(50, 75 and 100 g/L) of both Jaggery and s&nere
utilized for better pullulan production. Comparisoof parameters of Logisti¢lfas, Xo, Xm), Logistic Incorporated
Leudeking-Piret ¢, ) and Logistic Incorporated Modified Leudeking-Ring, #) models adequately fit the
experimental results with predicted data. A goodcoorence of the data was showrAipullulansgrowth, pullulan
synthesis and jaggery & sucrose utilization prefilEstimated values of kinetic parameters were@isapared with
literature (Table 4). The information obtained liststudy would be helpful for further developmeintscaled-up
productions of Pullulan.
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